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ANSWER 1 OF 8 CAPLUS COPYRIGHT 2005 ACS on STN 

The production of polymer nanocomposites with excellent dispersion of 
nanofillers has proven to be a major challenge using conventional polymer 



processing methods. As a result of commonly poor dispersion of 
nanofillers, the promise of enhanced properties in nanocomposites has 
often gone unrealized. We have recently demonstrated that a process 
called solid-state shear 

pulverization (SSSP) can yield well-exfoliated 

polymer-clay nanocomposites and well-dispersed polymer-multiwall carbon 

nanotube and polymer-alumina nanoparticle composites. Furthermore, the 

exfoliation of dispersion achieved via SSSP is stable during 

subsequent melt processing of the nanocomposites made via SSSP. The 

connection between synergistic macroscopic properties, from modulus to 

thermal stability to conductivity, and dispersion of nanofiller is illustrated by 

the results obtained in this study. 
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A polymer-clay nanocomposite is made by providing a supply of polymer-clay 
mixture, exfoliating the mixture through solid- 
state shear pulverization in the presence of 

cooling sufficient to maintain the extruded mixture in the solid state 
during the pulverization, and discharging the resulting exfoliated 
mixture 
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AB Well-exfoliated 95 wt%/5 wt% polypropylene-clay nanocomposites 

were prepared using a novel process called solid-state 

shear pulverization (SSSP) . The SSSP method is a 

continuous process that employs a modified twin-screw extruder that 
exposes the polymeric system to high shear and compressive forces in the 
solid state, yielding high levels of dispersion. Exfoliation 
levels was compared by transmission electron microscopy, x-ray 

diffraction, and crystallization half-times to those achieved via melt extrusion, 
showing that SSSP yields much better dispersion. The dispersion achieved 
by SSSP was kinetically stable when the samples were annealed in the melt 
state over several hours. This indicates that the SSSP-processed 
nanocomposites can be further processed in the melt without concern for 
loss of exfoliation. 
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AB The production of well-exfoliated polyolef in-clay nanocomposites has 

been largely unsuccessful using conventional processes such as twin-screw 
extrusion. This is because organoclay does not disperse well in non-polar 
polymers during melt processing. Well-exfoliated 95wt%/5wt% 

polypropylene-clay nanocomposites were prepared using a novel process called 
solid-state shear pulverization 

(SSSP) . The SSSP method is a continuous process that employs a modified 
twin-screw extruder that exposes the polymeric system to high shear and 
compressive forces in the solid state, yielding high levels of dispersion. 
Exfoliation levels was compared by transmission electron 

microscopy, x-ray diffraction, and crystallization half-times to those achieved 
via melt extrusion, showing that SSSP yields much better dispersion. The 
dispersion achieved by SSSP was found to be kinetically stable when the 
samples were annealed in the melt state over several hours. This 
indicates that the SSSP-processed nanocomposites can be further processed 
in the melt without concern for loss of exfoliation. 
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AB Anal, by electron microscopy, x-ray diffraction/scattering and DSC reveals 
that well-exfoliated states can be achieved in polypropylene 
(PP)/clay nanocomposites using solid-state 
shear pulverization. These exfoliated states 

cannot be achieved in PP/clay nanocomposites by melt processing. The 

nanocomposites remain well-exfoliated even after 1.5-2 h of 

annealing in the melt state. Thus, even if an exfoliated state 

is not thermodynamically favored, it is kinetically stable over long times 

in the melt state. 
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AB Producing a polymer-clay nanocomposite comprises providing a supply of 
melt-extruded polymer-clay mixture, exfoliating the mixture through 
solid-state shear pulverization in 

the presence of cooling sufficient to maintain the extruded mixture in the 

solid state during the pulverization, and discharging the resulting 

exfoliated mixture Producing a polymer hybrid nanocomposite 

comprises dispersing a clay component or other reinforcing material 

throughout a polymer matrix by solid-state 

shear pulverization of a polymer mixed with the clay 

component. The initial melt-extrusion step thoroughly mixes the 

polymer-clay mixture, yielding an intimate contact of polymer and clay; and 

after the mixture is thoroughly mixed (but not yet exfoliated) , 

solid-state shear pulverization 

yields a high level of exfoliation and dispersion and improved 
nanocomposite properties. 
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AB Solid-state shear pulverization 

(SSSP) was compared in terms of dispersed-phase sizes with melt processing 
methods in producing blends of polystyrene with other polymers (e.g. PE) 
as well as nanocomposites of polypropylene and organoclays . To elucidate 
the mechanism of SSSP, fluorescence-detector GPC was used to detect 
interpolymer radical coupling in several polymer blends, thought to 
originate from chain scission during blend pulverization. 
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Innovative process for compatibilizing polymer blends 
and producing well-exfoliated polymer 
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AB A novel, continuous, mech. process called solid-state 
shear pulverization (SSSP) is capable of overcoming 

long-standing problems associated with melt-state processing of polymer 
blends and nanocomposites. In comparison to melt-state processing, SSSP 
is capable of producing finer dispersions of a minor-phase polymer in a 
matrix polymer. Examples will be given both where melt-processing yields 
large average dispersed-phase particle diamters, Dn, (an 85/15 polystyrene 
(PS) -polyethylene (PE) wax blend yields Dn=17.5 u- by melt processing 
but Dn=0.7 n by SSSP) and where it yields small Dn (a 90/10 PS/high d. 
PE blend yields Dn=500 nm by melt processing and 270 nm by SSSP) . SSSP 
also yields compatibilization of immiscible blends such as PS/PE and 
PS/polymethylmethacrylate, as proven by stability of Dn to static, 
high-temperature annealing. In contrast, melt-processed blends coarsen under 
the same annealing conditions. The mol . origin of compatibilization via 
SSSP is the in situ production of block copolymer resulting from interpolymer 
radical coupling of macroradicals formed by modest chain scission 
accompanying SSSP. Finally, well-exfoliated polypropylene-clay 
nanocomposites have been made via SSSP as evidenced by x-ray scattering, 
transmission electron microscopy, and differential scanning calorimetry. 
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